Background: Off-track Hill-Sachs lesions have been associated with high rates of recurrent shoulder instability. Both arthroscopic Bankart with remplissage and modified Latarjet have been described to treat off-track Hill-Sachs lesions. However, few comparative studies exist between the 2 techniques in heterogeneous populations.
loss less than 25% remains controversial. 10, 14 Two popular treatments that exist are the arthroscopic Bankart with remplissage and various modified forms of the Latarjet procedure. However, only a few comparative studies exist between the 2 techniques in heterogeneous populations. 6, 8 The purpose of this study was to examine the outcome of the 2 procedures in patients with off-track Hill-Sachs lesions with subcritical (\25%) glenoid bone loss. Our hypothesis was that the 2 treatments would provide similar subjective and objective outcomes, along with similar recurrence and revision rate.
METHODS

Patient Selection
Institutional review board approval for all sites was obtained for this study. Between January 2005 and December 2015, 238 arthroscopic Bankart with remplissage and 509 modified Latarjets were performed at a large academic institution and a large regional health maintenance organization by multiple fellowship-trained surgeons. They were assessed for inclusion into the study based on the following criteria: (1) recurrent anterior glenohumeral instability, (2) follow-up for a minimum of 2 years after surgery, (3) availability of preoperative 3-dimensional (3D) computed tomography (CT) or magnetic resonance imaging (MRI), (4) glenoid bone loss \25%, (5) engagement of the Hill-Sachs lesion noted either intraoperatively or on examination by the surgeon and/or a Hill-Sachs interval that is wider than the glenoid track on imaging corresponding to an off-track lesion. 10 Exclusion criteria for the study were (1) patients with symptomatic multidirectional instability where posterior or superior labral issues were addressed concurrently; (2) patients with incomplete clinical records, including operative and clinical notes, or patients who could not be reached for follow-up; (3) patients under incarceration; and (4) patients with rotator cuff tears. There were 64 patients lost to follow-up. There were 6 patients with bilateral surgeries for which 1 shoulder was picked randomly for analysis using a coin flip. In addition, there were 3 patients in the remplissage group who were revised during follow-up to the Latarjet group; they were analyzed as part of the remplissage cohort. The surgeons determined which procedure to perform based on their own indications.
After application of the above criteria, there remained 189 patients total for analysis. Arthroscopic Bankart with remplissage was performed in 98 patients, and the Latarjet procedure was performed in 91 patients. The mean followup was 3.2 years (range, 2-12 years).
Data Collection
All patients were assessed for their preoperative risk of recurrence using the Instability Severity Index Score. Preoperative symptoms, range of motion, and prior operations were collected from chart review. Preoperative 3D CT and/ or MRI data were collected. During the most recent office visit, range of motion in forward flexion, external rotation (at the side and in 90°of abduction), and internal rotation in 90°of abduction were collected. The visual analog scale (VAS) for pain, Single Assessment Numeric Evaluation (SANE), and Western Ontario Shoulder Instability Index (WOSI) were given to the patients to complete; missing subjective outcome data were completed with telephone visits. Other data obtained included perioperative complications, subsequent surgeries, and recurrent instability. Recurrent instability was defined as any subsequent dislocations or subluxations as reported by the patient. For dislocations, patients were asked whether their shoulder had ''popped out'' or ''dislocated,'' requiring manual or selfreduction. Subluxations were defined as any sensation of the shoulder ''slipping'' or ''shifting.'' Glenoid bone loss was assessed using 3D reconstruction of the preoperative imaging using the technique described by Sugaya et al. 19 A best-fit circle was made of the inferior glenoid. The area of deficiency was expressed as a percentage of the total area of the circle. Humeral bone loss and the Hill-Sachs angle were assessed with the technique described by Cho et al. 7 The slice on the coronal and axial imaging that showed the largest humeral head defect was selected, and a best-fit circle was made of the humeral head. The defect, in terms of depth and width, was expressed as a percentage of the diameter of the head. Finally, the ''on-track'' and ''offtrack'' status was determined. This was done by first measuring the width of the Hill-Sachs interval, which is the Hill-Sachs width plus the bony bone bridge to the insertion of the rotator cuff. Then, we calculated the glenoid track, which is expressed by the following formula: glenoid track = 0.83 D -d, where D is the diameter of the inferior glenoid and d is the width of the anterior bone loss. 10 An on-track lesion is when the glenoid track is more than the Hill-Sachs interval; an off-track lesion is when the glenoid track is less than the Hill-Sachs interval.
Data Analysis
An ad hoc power analysis was performed using WOSI and recurrence rate as the outcome measures based on means and SDs found in previous studies. Seventy-eight patients are needed in each group to achieve 80% power with alpha set to .05. The Mann-Whitney U and Fisher exact tests were used to compare the 2 groups. Descriptive statistics were calculated using means and SDs for numeric data and proportions for categorical data. For specific populations of interest within the study, subgroup analysis comparisons between the 2 treatment groups were performed. These, along with other variables of interest, were analyzed using a logistic regression model to find factors predictive of recurrence. Variables analyzed included age, sex, previous instability surgery, amount of glenoid bone loss, depth and width of humeral bone loss, and Instability Severity Index Score. Probability level of the multivariate regression was set at P \ .05. Using logistic regression, the odds ratio of recurrence for each covariate was calculated, with the Latarjet group being the control (reference) group and the remplissage group serving as the treatment group. After identification of the main effects in the logistic regression models, all clinically meaningful 2-way interaction factors were tested in the models. The final model was checked for goodness of fit with the Hosmer and Lemeshow test. In addition, collinearity and residuals diagnostics were calculated to ensure that the model was well specified and fit the data. All analyses were conducted using the SPSS statistical software package (SPSS Inc).
RESULTS
Preoperative Analysis
Preoperatively, the 2 groups had similar characteristics. Both groups had predominately male patients (95%) with a mean age of 29.1 6 10.5 years. The Latarjet group had more patients with previous instability surgery (42.9% vs 23.5%, P = .005). On average, the Latarjet group had a greater number of previous surgeries than did the remplissage group (2.12 vs 1.06, P \ .001). The Instability Severity Index Score, collision and contact sports participation rate, and amount of glenoid bone loss were similar in both groups (P . .11). The Hill-Sachs size was deeper on the axial cut for the Latarjet group (18.3 vs 14.9, P = .001). Preoperative range of motion was similar in both groups (P . .15) ( Table 1) .
Postoperative Subjective and Objective Outcomes
When looking at the 2 groups, there were no differences in WOSI or SANE scores (P . .111). VAS pain was higher in the remplissage group (2.2 vs 1.55, P = .041). External rotation and forward flexion motions were similar in the 2 groups (P . .147). Internal rotation in abduction was more limited in the remplissage group (40.9°vs 53.2°, P = .006) ( Table 2) .
Recurrence, Revision, and Complication Rates
In terms of recurrent instability rate, there was no statistically significant difference found between the 2 groups (13.3% vs 5.49%, P = .085). Although the overall revision rates for the 2 groups were not statistically different (16.3% vs 6.59%, P = .078), remplissage appeared to have more patients revised for a nonstabilization procedure (13.3% vs 4.4%, P = .04), the most common of which was a subacromial decompression and glenohumeral debridement. Complication rate was significantly higher in the Latarjet group (12.1% vs 1%, P = .002) ( Table 3 ).
Subgroup Analysis of Revision Patients
In subgroup univariate analysis of revision patients, the remplissage group had higher VAS pain scores (3.6 vs 2.2, P = .001), higher recurrent instability rate (34.8% vs 10.3%, P = .042), higher revision rate (43.5% vs 15.4%, P = .019), and lower complication rate (4.35% vs 28.2%, P = .024). Revision rate in this subgroup analysis signifies a third or fourth procedure, as it means a failure of the second surgery to revise a previous instability procedure(s). WOSI and SANE scores were similar in both groups (P . .055) ( Table 4 ). 
Subgroup Analysis of Patients with .15% Glenoid Bone Loss
For patients with .15% glenoid bone loss, Latarjet had a lower recurrence rate (6.06% vs 28.6%, P = .034) and a lower revision rate (3.03% vs 21.4%, P = .041). No statistically significant differences were found for WOSI, SANE, VAS pain, and complication rate between the 2 groups (P . .053) ( Table 5 ).
Subgroup Analysis of Collision and Contact Athletes
There were 44 collision and contact athletes in our group. The majority, 25 patients, were at the recreational level. Sixteen were at the high school or collegiate level. Three were at the professional level. The main sports were American football in 14 patients, soccer in 11 patients, basketball in 9 patients, hockey in 6 patients, mixed martial arts in 2 patients, lacrosse in 1 patient, and rugby in 1 patient. In these collision and contact athletes, Latarjet had better WOSI scores (138 vs 231, P = .019) and lower recurrence rate (30% vs 0%, P = .005). No statistically significant differences were found for SANE, VAS pain, revision rate, and complication rate between the 2 groups (P . .086) ( Table 6 ).
In multivariate analysis, the odds of recurrent instability in the remplissage group were higher than the Latarjet group in patients with previous instability surgery (3.56, P = .006), collision and contact athletes (2.37, P = .02), those with 10% to 15% glenoid bone loss (1.28, P = .04), and those with .15% glenoid bone loss (6.48, P = .001) ( Table 7) .
DISCUSSION
Our study demonstrates that in the general population, remplissage and Latarjet can both be used to treat off-track lesions with results that were not significantly different overall. Although the mean VAS pain score was statistically higher in the remplissage group by 0.65 (6.5 mm), it may not be clinically significant since it does not reach the minimal clinically important difference of 1.1 to 3 (11-30 mm) that has been previously validated in the literature. 11, 13 The remplissage group also had 12.3°less internal rotation compared with the Latarjet group, which may be related to the tenodesis of the rotator cuff. The tenodesis may also cause inflammation in the rotator cuff, which may lead to increased rates of subacromial decompression and glenohumeral debridement in the remplissage group. 12 Complication rate was significantly higher in the Latarjet group, which has been well documented in previous studies. 6, 16, 21 In subgroup analysis, we found that in patients with previous instability surgery, remplissage led to a higher VAS pain, recurrence rate, and revision rate than the Latarjet procedure. We hypothesize that this may be due to these patients being predisposed to experience failure after soft tissue procedures due to poor tissue quality, biologic factors such as smoking, and medical comorbidities; thus, a second soft tissue procedure, such as the remplissage, in these revision patients is subjected to the same limitations. In addition, we also found that patients with .15% glenoid bone loss had significantly higher recurrence and revision rates with the remplissage procedure. In multivariate analysis, we showed that patients with glenoid bone loss .15% had a 6.48 higher odds of recurrence, and those with glenoid bone loss of 10% to 15% had a 1.28 higher odds of recurrence, in the remplissage group compared with the Latarjet group. The concept of what is the critical amount of glenoid bone loss has been challenged recently, with several studies that show inferior outcomes of arthroscopic Bankart procedures with bone loss as low as 13.5%. 9, 17, 18 This adds further evidence that even with the addition of remplissage, arthroscopic Bankart may not be sufficient for glenoid bone loss as little as 10%, and a block procedure such as the Latarjet may be a better option. Finally, for collision and contact athletes, we found that the recurrence rate and WOSI are higher in the remplissage group compared with the Latarjet group. We know from previous studies 1,3 that the collision and contact sports populations are at higher risk of dislocation with an arthroscopic Bankart, and the addition of remplissage may not be enough in this challenging population.
There have been 2 studies previously published that compare remplissage with the Latarjet for recurrent shoulder instability. The first is a biomechanical cadaveric study conducted by Degen et al 8 using a surgically created 25% Hill-Sachs lesions for which they compared remplissage and Latarjet. Outcome measures such as joint stiffness, internal-external rotation range of motion, and frequency of dislocation were assessed. They found that after remplissage, stiffness increased in adduction with neutral rotation relative to the Hill-Sachs defect state; Latarjet did not increase joint stiffness. They also found that rotational motion was reduced in abduction after Latarjet and horizontal extension reduced after remplissage relative to the Hill-Sachs defect state. Finally, although the dislocation rate was numerically higher for the remplissage procedure than for the Latarjet procedure (16% vs 6%), the findings were not statistically significant, possibly due to the small sample sizes.
The second is a comparative clinical study conducted by Cho et al 6 on 72 patients with an engaging Hill-Sachs lesion or Instability Severity Index Score over 3 plus glenoid bone loss less than 25%. They found a recurrence rate of 5.4% in the remplissage group and 5.7% in the Latarjet group, which was similar to our study and was not statistically different. Postoperative subjective and objective outcomes were also similar for both groups. The complication rate was significantly higher in the Latarjet group, which was similar to our study. However, the authors did not state whether any of these patients were undergoing revision surgery or were contact/collision athletes. In addition, Cho et al reported that the amount of glenoid bone loss was 8.5% and 9.8% for the remplissage and Latarjet groups, respectively, which is less bone loss than in our study. Nonetheless, this study serves to confirm our findings that both procedures appear to be reliable in the general population.
The results of the current study should be interpreted with the following limitations. First, the multicenter design allowed us to recruit many more patients into the study than previously possible; however, differences in operative technique, operative volume, and experience level among the surgeons may play a role in the results. Second, the retrospective nature of this study does not allow for randomization of treatment, which would be the gold standard for a study such as this. As such, there may be confounding variables that we have not considered in our model and analysis. In addition, although the difference in overall recurrence rate and revision rate trended toward statistical significance, it did not reach statistical significance. Thus, our study may have been underpowered to determine a possible statistical difference between the 2 groups in terms of recurrence and revision rate. Another limitation was that telephone visits were used to collect some of the missing subjective outcome scores. This has not been validated previously but has been used in other long-term outcome shoulder instability studies. 2, 15 In addition, range of motion measurements were made using a goniometer in most but not all of the patients, which may not be as reliable in this multicenter study. Finally, we were not able to obtain preoperative subjective questionnaire data and had incomplete follow-up radiographs, which would have been helpful for analysis.
In summary, we conclude that for off-track Hill-Sachs lesions with subcritical glenoid bone loss, both the remplissage and modified Latarjet can achieve satisfactory clinical results in the general population, with higher complication rates in the Latarjet group. However, Latarjet may be a better option in patients with previous instability surgery, collision and contact athletes, and those with .10% glenoid bone loss. Odds ratio are expressed with the Latarjet group being the control (reference) group and remplissage as the treatment group. In other words, the data show the odds of recurrence in the remplissage group compared with the Latarjet group. Values in bold are statistically significant.
